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USER EVALUATION OF PROTOTYPE
PV EQUIPMENT FOR DISASTERS
1.0 INTRODUCTION
This report summarizes the work performed as part of the Southeast Region Experiment Station
(SE RES) contract with Sandia National Laboratories for the U.S. Department of Energy. It
covers the period from January 11, 1997 through September 30, 1998 for Task 3 – “Disaster
Applications Development,” and documents the use and application of photovoltaic-powered
equipment by various disaster relief organizations in their operations. Follow up and technical
support have continued beyond the original task period, as described in this revised report.

2.0 PROGRAM OVERVIEW
Natural disasters, such as hurricanes, floods and tornados, can happen at any time, destroying
homes and businesses. One such disaster, Hurricane Andrew, devastated South Florida in 1992,
leaving several hundred thousand people homeless. Many people were without electrical service,
functional water and sewage systems, communications and medical services for days and weeks in
the aftermath of the storm. Emergency management teams, the military, and countless public and
private organizations staged a massive relief effort.
In response to the Hurricane Andrew disaster, the staff at the Florida Solar Energy Center, with
assistance from Sandia National Laboratories, transported PV-powered equipment to Miami to
help with the relief effort. The PV systems generated power at temporary medical shelters and
emergency communication stations during the weeks after the storm. Electricity generated by the
solar cells was used for vaccine refrigerators, lights, radios, and for other general electrical needs.
Solar is an environmentally benign, inexhaustible source of energy. Solar generators in the form
of photovoltaic (PV) cells generate quiet, pollution-free electrical power. PV systems can be
designed and sized for varying needs. The systems can be modular, so small systems can be easily
expanded to create larger systems. The length of operation poses no problem since refueling is
not required for a system properly designed.
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3.0 PROJECT TASK DESCRIPTION
The purpose of the Disaster Applications Development task is to identify the role of PV
technology in emergency and disaster situations, to communicate this role to the PV community,
and to work with the supply-side (i.e., solar industry) to prepare appropriately.
The first step in completing this task was to identify applications with good potential for disaster
relief. This step was completed through an energy needs assessment, which was conducted during
the 1996-97 contract year.
At that time it became clear that, while some existing PV-powered equipment could readily be
applied to this new market area, much of the existing equipment was not well suited to the
specific needs of disaster relief efforts. New equipment needed to be designed. FSEC served as
liaison between disaster relief organizations and the solar industry to facilitate efforts that led to
the development of these new designs.
The next step was to purchase equipment and give it to selected disaster relief organizations.
Once the equipment was received at FSEC and deployed to the organizations, all three groups –
the disaster relief organizations, the solar industry, and FSEC – were involved in identifying and
refining PV applications for emergency and disaster response.
•

•
•

The disaster relief organizations were to gain information and experience with PV
equipment and its capabilities and to assist FSEC with identifying and defining new PV
applications.
The solar industry was to gain experience in working with disaster relief organizations,
gaining insights for developing this new market.
FSEC was to coordinate the development of these new PV applications and to oversee the
viability testing of each one.

The last step was to have the disaster relief organizations report on the knowledge and experience
gained with PV systems. FSEC asked that the organizations report both positive and negative
experiences to present a realistic picture of the role these systems had played.
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4.0 PROJECTS IMPLEMENTED
From the many proposed applications, six were selected, based on cost and time needed to
implement. An initial goal was to have all the equipment in the field and to have disaster relief
organization team members trained before the hurricane season. It was felt that simple small scale
applications could be completely processed through the program within one season. A short turn
around of successful projects would seed a new market for industry and solve an old problem for
disaster organizations. Because of the limited available funding, importance was placed on having
more projects at modest cost.
Teams were organized, with each team to include a solar industry member and a disaster relief
organization. It was hard to match up team players because of the overlap between disaster
organizations’ applications and solar industry members’ equipment. Industry members were able
to protect the ownership of their designs, as each member had a specific application and disaster
organization with which to work.
FSEC chose disaster organizations that were located in Florida but that also had national
affiliations. Location within the State meant that coordinating efforts would be relatively simple;
national affiliation meant good potential for national acceptance. A major consideration in
selecting the disaster relief organization representative was the individual’s enthusiasm and
already established efforts to obtain PV-powered equipment. Along the same lines, a major
consideration in selecting an industry member was that they already had equipment very similar to
that requested. Also, FSEC did not want to test an already obvious application, such as solar
outdoor lighting for security in a parking lot. Applications needing further detailed identification
and product refinement were considered important to the selection process. Each disaster
organization received an operation and maintenance manual to better ensure that users knew how
to properly operate the equipment.
Four types of applications were selected based on their importance to disaster relief organizations.
Some of the critical needs these organizations indicated were communications, medical support,
shelters, and battery charging. All of these factors played a role in selecting the applications
shown in Table 1.
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Table 1. Applications for Implementation
Disaster Organization/
Industry Supplier

Application

Cost

Qty

Metro/Dade Rescue/
Hutton Communications

Portable generator for communications
65 W PV

$ 800

1

American Red Cross/
Kyocera Solar

Portable generator for field sites
50 W PV

$1400

1

National Hurricane Center/
PacComm

Portable weather station
30 W PV

$1499

1

Catholic Charities/
SunWize
Solar Electric Specialties

Portable generator for shelters
75 W PV
36 W PV

$ 999
$ 482

1
1

Radio Amateur Communications Emergency
Services (RACES)/Brevard Emergency Amateur
Radio Service (BEARS)
SunWize

Portable generator for communications
75 WPV

$ 999

1

Sarasota K-9 Search/Rescue/
United Solar System

Portable charger for batteries
12 W PV

$ 425

1

Please note, none of the equipment is trailer-mounted. Portable means the equipment can be
carried by one or two people.
Note also, generator means some type of load is powered, while charger means only batteries are
connected to the PV.
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5.0 EQUIPMENT SPECIFICATIONS
Four types of applications were selected for implementation by disaster relief organizations.
•
•
•
•

Portable generator for field communications
Weather and communications station
Portable generator for shelters
Portable charger for batteries

To assist the disaster relief organization with future purchases, both locally and nationally, generic
specifications were developed, with the idea that each organization could modify the
specifications to meet its local needs. For example, disaster organizations will use
communications for both earthquakes and hurricanes, but system design requirements will be
different depending on the disaster and the disaster relief effort needed. In the future,
specifications for regional and national procurement can be developed by a disaster relief
organization based on generic specifications.
For this program, FSEC purchased all equipment based on the generic specifications. They
defined operational requirements in enough detail without directly naming which parts to use or
limiting the designer’s creativity. These detailed specifications are included as Appendix A.
After reviewing the manufacturers’ literature, the newly developed specifications and the
applications, FSEC and the industry/disaster relief organization teams determined that three of the
applications closely fit off-the-shelf equipment. The following three organizations were able to
select off-the-shelf equipment.
•
•
•

Catholic Charities
Radio Amateur Communications
Emergency Services (RACES)
K-9 Search/Rescue

portable generator for shelters
portable generator for communications
portable charger for batteries

Off-the-shelf equipment would meet all of the organizations’ functional needs, but three of the
organizations’ operational needs were best met by custom-made equipment. The following
organizations received custom-made equipment.
•
•
•

Metro/Dade Rescue
American Red Cross
National Hurricane Center

portable generator for communications
portable generator for field sites
portable weather station

At the completion of the project, each specification was updated based on the users’ feedback.
All of the equipment, even the off-the-shelf equipment, required some modification to be fully
acceptable to the user.
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6.0 ORGANIZATION/INDUSTRY TEAMS
Each application project required commitments from a representative of the disaster relief
organization and the solar industry. The contacts are listed in the following table.
Table 2. Representatives from Disaster Relief
Organizations and Solar Industry
Emergency Organizations

FSEC-CR-1030-98

Solar Industry

Justin Wasilkowski
Metro/Dade Fire Rescue
6000 SW 87 Ave.
Miami, FL 33173-1622
305-596-8730

Roger Locke
Hutton Power System
1775 MacLeod Drive
Lawrenceville, GA 30043-5718
770-963-1380

American Red Cross
Tampa Bay Chapter
P.O. Box 4236
Tampa, FL 33677-4236
contact: Chuck Coleman
813-348-4820

Kevin Conlin
Solarcraft/Kyocera Solar
P.O. Box 950
Stafford, TX 77497-0950
218-495-0438

James Lushine
National Hurricane Center
11691 S.W. 17 St.
Miami, FL 33165-2149
305-229-4520

Gwyn Reedy
PacComm
4413 N. Hesperides St.
Tampa, FL 33614-7618
813-874-2980

Bruce Netter
Catholic Charities
9401 Biscayne Blvd.
Miami, FL 33138-2970
305-754-2444

Wayne Robertson
Solar Electric Specialities
101 North Main St.
Willits, CA 95490-3125
1-800-344-2003

Ira Bickham
Brevard Emergency Amateur
Radio Service (BEARS)
1746 Cedar St.
Rockledge, FL 32955-3133
407-453-2309

Mark Wilkerson
SunWize
1 Sun St.
Stelle, IL 60919
815-256-2222

Pat Abrams
K-9 Search/Rescue
4730 Country Meadows Blvd.
Sarasota, FL 34235-8215
941-377-7915

Gill Bishop
PhotoComm
P.O. Box 460
Stafford, TX 77497-0460
281-933-1578
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7.0 TEST PROCEDURES
A test procedure was developed by FSEC, the disaster relief organizations and the solar industry.
The goal of the test was to verify the quality of the supplied equipment and the viability of the
new application. The test determined the quality of the system’s manufacture and viability of the
design, measured the system’s capability to meet the load, validated the functionality of the
system related to the user’s needs, and measured the reliability of the system during long-term use
in a disaster relief effort. The overall objective of the test was user acceptability of the system.
(Note, only participants teamed for an individual application participated in testing that
application, and elaborate testing at FSEC was not part of the program, as major components and
systems have already been tested and proven in the marketplace.)
All six PV systems were received at FSEC before being deployed to the disaster relief
organizations. FSEC conducted inspections and performance characterizations; the users
conducted all performance evaluation tests. All equipment passed FSEC’s inspections and
performance characterizations, but manufacturers made some minor modifications, such as
replacing missing labels or changing connectors. A sample test procedure is included as Appendix
B.

8.0 APPLICATION SCHEDULE
The program started January 11, 1997 with a needs assessment and evaluations scheduled to be
completed September 30, 1998. By September 1997 teams were formed, specifications
developed and equipment ordered. The first PV system was received at FSEC and was ready for
use by October 1997, with two months of the hurricane season remaining. All of the equipment
was received by FSEC and delivered to the selected disaster relief organizations by March 1998.
Table 3 shows how much time it took to evaluate each of the applications. Some the equipment
was simple to test (e.g., the ManPac® from Kyocera Solar) while other equipment (e.g., the
weather station) required a more elaborate test set-up and interfaces to other equipment. Testing
times shown in the schedule varied depending on the complexity of the application and the
disaster relief organization’s operation. The actual date the testing started depended on the time
the system was delivered and the schedule of the disaster relief organization. For example, the K9
Search and Rescue organization wanted to test their equipment during an annual regional disaster
training workshop, but the workshop was conducted more than a month after the equipment was
delivered to them.
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The following table shows how much time was needed for completing the application evaluations.
Table 3. Schedule for Completing Application Evaluations
Task

Period by Week
1

2

3

4

5

6

7

8

9

10

M/D Portable Generator
Weather Station
Shelter Portable Generator
Radio Portable Generator
Rescue Generator
ARC Generator

The design and acceptance process was longer for the custom-built equipment. System
descriptions, design drawings and hardware were passed back and forth between the three team
members as the initial product was being produced. This delayed starting the actual performance
evaluations. In addition, team members wanted to evaluate the PV systems in actual disaster relief
situations. Therefore, evaluations were dependent on the occurrence of unpredictable events. As
some equipment was tested, modifications were made, further lengthening the test procedure.
The weather station was delayed the most in designing and testing. Amateur radio operators
responsible for frequency allocation changed the operating frequency of the two-meter radio
packet network because the space station Mir was using the same frequency and was causing
interference. Although the operators had requested a frequency change in the US packet network
early on, for various reasons the decision was delayed. Unfortunate timing put the decision after
the weather station had been built to the wrong frequency, thus requiring modification.
FSEC met with the disaster relief organizations to review system performance and to conduct
preliminary evaluations of the systems’ capabilities to meet users’ needs. The following sections
report the findings and results of these preliminary evaluations.
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9.0 STATUS and PRELIMINARY EVALUATION
After FSEC’s initial inspection and performance characterization, the users were given operation
and maintenance manuals and training in the use of the systems. As the PV systems were used,
refinements were made to the systems themselves and the design specifications. Even the off-theshelf systems were modified to provide a more acceptable product.
The following sections relate some preliminary information about the organizations’ experiences
with the equipment.

9.1 Metro/Dade Rescue Generator for Communications
The system was received in time to be used for a hazardous material training exercise. As shown
in Figure 1 (Appendix D), the system was set up to provide power for communication with a
satellite telephone system. The small, low-power phone operated successfully throughout the day
to provide telephone and radio relay communications to firemen in the field. A larger and more
powerful satellite telephone was connected to the PV system, but the larger phone required more
power than the PV system could provide for long-term operation. The PV system was designed
to be ganged in series for larger loads. It was determined that two more units would handle the
load, but only one was purchased under this program.
As initially delivered, the ganging cables needed to be redesigned. Watertight through holes were
needed in the case, and the cable needed to be redesigned with quick disconnect connectors. As
initially designed, the case had to be open in order to connect the cables. It was felt that the wire
terminals were not secure enough and required too much time to connect.
The system was well designed and easy to deploy. It was packaged in quality casing, was
lightweight enough to be carried, and the PV module came with its own stand-alone mount for
remote setup. A second mounting system was added so that the module could be attached to the
case when remote setup was not necessary.
The PV power system, designed to power communications equipment for field operations in
disasters, was used in several training exercises over the year. It met the organization’s
expectations and additional systems will be obtained when funding becomes available.

9.2 American Red Cross Generator for Field Sites
The power pack was successfully tested on three occasions to power amateur radio
communication for disaster relief training scenarios: Tampa Walkathon, Hillsborough County
Hurricane Exercise, and Hillsborough County Expo. The more often they use the system, the
more comfortable they are in setting up and operating the equipment. For these short one-day
exercises, the system met their needs in powering radios of 5-, 25- and 50-watts and various duty
cycles. They plan to use it more and test its capabilities on similar tasks required at shelters.
Figure 3 (Appendix D) shows the system being checked out by American Red Cross management
FSEC-CR-1030-98
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and their radio operator.
The Red Cross used the system in the midst of their operations and found that people tripped over
the cables. There was no way to secure the PV modules to prevent someone from walking off
with them. Additional hardware was needed to fasten the PV modules to a wall, other structures,
or the case. In addition, the PV modules needed a stand or ground support structure that could
also be used as a handle for carrying. Other drawbacks: the site setup for this system
configuration made it difficult to place the modules in the sun; two sets of cables were needed:
one for short runs and one for long runs; the carrying case was not large enough to hold all the
cables as well as the PV support structure; and the cable design required the case to be open to
make connection. This meant the connections were easily accessible to passers by, creating a
safety problem.

9.3 National Hurricane Center PV-Powered Weather Station
FSEC first developed a prototype PV-powered weather station with amateur communication
volunteers for the National Hurricane Center after Hurricane Andrew (Figure 14, Appendix D).
This program allowed the commercialization of the original design. The system was redesigned
for mass production and the added capability of GPS tracking (Figure 5). The redesigned system
performed as well as the original system because the same weather station unit and packet radio
communication network were used.
The new unit was redesigned to be pole mounted instead of roof mounted, but the new, lighter
design did not meet hurricane force wind requirements and had to be redesigned again. The
smaller, lighter design also meant that a smaller system battery was used. This reduced the
autonomy of the system, and during transmission the radio would overload the battery capacity.
In addition, the system used a separate nine-volt battery to maintain program memory. Because
of the way it was wired, when the system was turned off, the battery would go dead in 72 hours.
Then the memory would need to be reprogrammed when the system was turned on again. The
power cable was rewired to correct this problem and maintain program memory.
Another design change occurred when the amateur radio operators responsible for frequency
allocation had to change the operating frequency of the 2-meter radio packet network. The
space station Mir was using the same frequency and was causing interference. When the
new frequency was determined a new crystal had to be installed to operate at the new packet
network frequency.
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9.4 Catholic Charities Generator for Shelters
The Miami diocese of Catholic Charities received two off-the-shelf systems, as shown in Figures 7
and 8. In addition to powering a small office consisting of a laptop computer, printer/fax and
lighting, they were used to power cellular phones and to recharge batteries. Both systems needed
mounting brackets or stands for the PV modules. The larger, heavier system needed wheels,
because the office could be relocated at any time and sometimes moved once a day. Both systems
met the organization’s needs with minor changes.

9.5 Radio Amateur Communications Emergency Services (RACES)/
Brevard Emergency Amateur Radio Service (BEARS) Generator for Communications
The PV power pack was first used for communications in support of a local parade. The first
real disaster effort was in support of the firemen battling the Florida on Fire disaster in the
summer of 1998. The system first provided power for communications near a fire station, as
shown in Figure 9, and later was installed in a helicopter to power amateur radio TV, as shown in
Figure 11. The emergency amateur radio operators provided communications in the field to the
Emergency Operations Center where emergency management personnel and firemen directed the
battle.
The amateurs were impressed with the system’s power capabilities and quality. The system
performed well while powering either a 25- or 45-watt radio transceiver and fluorescent lamps.
Redesign considerations included better support for the cable connection to the PV module.
Also, cigar lighter socket connectors were a poor choice as they are not waterproof. All
penetrations in the case should be weather tolerant.

9.6 Sarasota K-9 Search/Rescue Battery Charger
The PV module was first used at an annual regional disaster training workshop for search and
rescue teams using dogs, as shown in Figure 12. The module was later used to help find people
lost in the woods. The size and weight of the module allowed it to be carried in the field, making
it valuable for long-term tasks. An adapter had to be made to connect the module to a hand-held
radio 12VDC battery pack. As is, the module is limited to 12 VDC batteries, which limits its
use. A converter needs to be supplied to allow 6-, 7.5- and 9-volt battery charging.
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9.7 Summary
The following table shows which criteria were met for each PV system application.
Table 4. Criteria Met for Six Systems
SYSTEM
CRITERIA
1

2

3

4

5

6

O & M Manual

X

X

X

X

X

X

Met Design Specifications

X

X

X

X

X

X

Reliability

X

X

X

X

X

Functionality

X

X

X

X

X

Performance

X

X

X

X

X

Acceptability

X

X

X

X

X

X

Future Deployment

X

X

X

X

X

X

X

In all of these selected applications, the load power requirements were met. Only minor
modifications were needed, except for the weather station. Most of the problems involved the
interface between the PV system and the disaster equipment to be powered. Also, weight was a
consideration, affecting the systems’ portability.
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10.0 FOLLOW-UP SURVEY
In April 1999, the users were asked to fill out an evaluation form, providing follow-up
information about their experiences with the PV systems. (The form is included as Appendix C.)
This evaluation, a survey of eight questions, was developed to gather the following information
on the organizations’ likes, dislikes, and general opinions on the usefulness of the equipment. The
survey questions and answers are shown below.
The responses 1-6 correspond with the following organizations:
1.
2.
3.
4.
5.
6.
1.

Has the photovoltaic-powered equipment you received been beneficial to your operation?
1.
2.
3.
4.
5.
6.

2.

Yes, enough for portable office.
Has at this point for that application.
For certain equipment applications.
Does the job.
Yes
Yes for this application.

Compare the photovoltaic-powered equipment with conventionally available alternatives for
Worse
performance. Check one: Better
1.
2.
3.
4.
5.
6.

4.

Yes
Yes
Yes, for certain equipment applications
Yes
Yes
Yes

Does it really meet your needs for electrical power during emergencies?
1.
2.
3.
4.
5.
6.

3.

Catholic Charities
American Red Cross - Tampa Chapter
Metro/Dade Fire Rescue
National Hurricane Center
Brevard Emergency Amatuer Radio Service
Sarasota Search and Rescue - K9

Better, generators are noisy and need fuel.
Not a fair comparison, we use large generators mostly.
Worse, not enough power.
Better, old system was manual and lost data, new automated system better.
Better, quiet and no need to refuel.
Better, for this application only.

Compare the photovoltaic-powered equipment with conventionally available alternatives for
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handling and logistics. Check one: Better
1.
2.
3.
4.
5.
6.
5.

407-638-1443
Acct. No. 26-57-892

Worse

Better, not messy, fits in my trunk.
Better, comparable.
Better, easier to carry.
Better, one price.
Better, don’t have to carry fuel.
Better, light and portable.

Compare the photovoltaic-powered equipment with conventionally available alternatives for
cost. Check one: Better
Worse
1. Better.
2. Worse.
3. For long-term use better, but short-term worse. Cost is not a factor for emergency for our
type of operation.
4. Worse, initial capital outlay greater.
5. Better.
6. Better, for field operations only.

6.

Compare the photovoltaic-powered equipment with conventionally available alternatives for
Worse
responsiveness of vendor. Check one: Better
1.
2.
3.
4.
5.
6.

7.

Given the choice between photovoltaic-powered equipment and conventionally available
alternatives, which would you choose?
1.
2.
3.
4.
5.
6.

8.

Better, very helpful
Better.
Better, nice unit.
Better, as good as or equal to.
Better, rapid return of calls.
Better.

PV, no noise, no fuel, portable, clean.
Generator, because of larger power availability.
Conventional generators for most of my operation, but would use both.
PV, no need for refuel in remote locations.
Depends on what we are doing and going to power, for small radio loads yes, PV.
Generator, more power for station site.

Are you aware of the photovoltaic equipment that the Federal Emergency Management
No
Agency (FEMA) has for emergency deployment? Check one: Yes
If yes, do you know how to access the equipment? What type of FEMA equipment would
you use?
1. Yes. PV trailer generator.
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2.
3.
4.
5.
6.
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Yes, I would use the PV trailers.
No, portable power generator with large panels.
Yes the PV trailer; PV generator.
No, generators.
No, generators.

The results of the survey are summarized in the following table.

Catholic Charities

American Red Cross – Tampa

Metro/Dade Fire Rescue

National Hurricane Center

Brevard Emergency Amateur Radio Service

Sarasota Search & Rescue – K9

Table 5. Survey Results

Beneficial to organization’s operation

Y

Y

Y

Y

Y

Y

Meets electrical power needs

Y

Y

Y

Y

Y

Y

Performs better (B) or worse (W) than conventional
equipment

B

–-*

W

B

B

B

Handling & logistics better (B) or worse (W) than
conventional equipment

B

B

B

B

B

B

Cost better or worse than conventional equipment

B

W

B**

W

B

B

B

B

Question

Organization

PV vendor responsiveness better or worse than that
B
B
B
B
of conventional equipment
*Cannot compare – Red Cross mainly uses large generators.
**Over the long term, cost is better; over the short-term, cost is worse.

In general, all six disaster relief organizations felt that the equipment was beneficial to their
operations. Only Metro/Dade Fire Rescue stated that the equipment performed worse than
conventional equipment because they would like to power bigger loads. At the same time, they
said they would continue to use the PV-powered equipment for certain applications.
Cost is still a major barrier. Two organizations (the American Red Cross and the National
Hurricane Center) stated that initial cost was high. A third organization (Metro/Dade Fire
Rescue) qualified their response, noting that although they realized long-term cost was better,
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initial cost was high.
Overall, the PV-powered equipment was well-received. The organizations will continue to use
and promote the use of PV-powered equipment in their operations.

11.0 NEW FEMA EQUIPMENT
In 1998, the Federal Emergency Management Agency (FEMA) and U.S. Department of Energy
purchased eight trailer-mounted PV systems for use in disaster response. Two sizes of systems
were obtained: a 500-watt Applied Power Corporation system and an 1800-watt SunWize
Corporation system. Presently (April 1999), six are stored and deployed out of three FEMA
storage centers; two are stored at FSEC in Florida.
The first organization to use the trailers was the North Carolina Solar Center on Knotts Island
after Hurricane Bonnie in August 1998. The trailers were used for several days to power two
homes for people with special needs, as shown in Figures 15 and 16, Appendix D.
Hurricane Georges was the next disaster (September 1998) in which two of the FEMA PV trailers
were deployed. One trailer was used at a Catholic Charities disaster relief distribution center in
Miami, Florida, as shown in Figure 17, Appendix D. The other trailer was used by Habitat for
Humanity on Big Pine Key Island, Florida (Figure 19).

12.0 CONCLUSIONS
The success of this program depended on the cooperation between the PV industry and disaster
relief organizations. The PV industry was able to provide quality equipment that performed as
well as the equipment traditionally used by disaster relief organizations for these applications. In
tandem, disaster relief organizations were willing to try new equipment and new ways of handling
emergency power situations and found these PV systems a viable alternative.
The program was successful and a seed was planted. Each of the local disaster relief organization
representatives involved is willing to use and promote the use of PV in its operations. But each
new application will have to be tested and verified before additional applications are implemented.
Now the organizations face the age old problems of funding and awareness as they promote the
use of PV on both the local and national levels.
As applications prove to be successful, more effort should be placed on education and information
dissemination so that more emergency response organizations become aware of PV power and its
potential to aid these groups in their work.
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APPENDIX A
PROJECT SPECIFICATIONS
Specifications for Weather and Communications Station
The PV-powered weather and communications station will be portable and contained in a single
enclosure. The complete system will be compact and lightweight so it can be carried by two people
and deployed in 30 minutes with simple tools. It must be capable of measuring and storing weather
data, including date, time, barometric pressure, temperature, sustained and gust wind speed, wind
direction and precipitation. It must be capable of transmitting data by amateur radio using the automation packet report system on 2-meter band using a 5-watt radio. System operating parameters will
be controlled locally and remotely, including transmit interval, station location, date, time, and
weather settings. It must be modular so that solar panels and external batteries can be added to
increase capacity. It must be capable of connecting AC power from auxiliary generator or utility
power sources. It must be in a weatherproof enclosure for all-weather use, hurricane wind resistant
and lightning protected. It must utilize non-spill/non-hazardous batteries acceptable for air transport.
Enclosure:
Material:
Weather station:
Radio station:
Positioning System:
Temperature:
Autonomy :
Depth of Discharge:
Display:
Array:
Size:
Structure:
Warranty:
Battery:
Bus voltage:
Amp-hour:
Charge controller:
Voltage:
Battery charger:
Input:
Output:
Weight:
Disconnect:
Standards:
Grounding connections:
Warranty:
Option:

FSEC-CR-1030-98

Weatherproof, can be locked
Fiberglass, plastic, or aluminum with aluminum hardware
Display, min/max/ avg, 8 parameters, packet format,
Date, time, pressure, temperature, wind and precipitation
One, F2, F3, G3E emissions, extendable antennas, packet
data transmission, VHF, 2 meters at least 5 watts
Globe, Latitude and longitude in packet data format
Operate 0 to 50°C
5 days minimum.
80% maximum
Voltage, state of charge, weather data
Single crystalline or polycrystalline silicon
20 Wp approx.
foldable mount, aluminum
10 year to 90% min
Lead-acid, gelled, sealed, deep cycle
12 VDC avg.
14 AH min
LVD,HVD, diode internal
12 VDC avg.
Internal, 1 amp min
120 VAC, 50/60 Hz
~12 VDC avg. per battery manufacture
less than 100 lb total
Circuit breakers
NEC, UL, NEMA
Copper clad
System 1 year
Nickel cadmium batteries
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Specifications for Portable Generator for Communications
The photovoltaic-powered generator will be portable and fully contained in a single, simple
package with a weatherproof enclosure. The complete system will be compact and lightweight so
it can be carried by one person and deployed in 30 minutes with no tools required. It will be
capable of powering cellular phones, radios, instrumentation, small power tools, computers, and
printers/fax. It will be modular so that solar panels and batteries can be added to increase
capacity. It will be capable of connecting AC power from an auxiliary generator or a utility
power source. It will be in a weatherproof enclosure for all weather use and be EMI and lightning
protected. It will utilize non-spill/non-hazardous batteries acceptable for air transport.
Enclosure:
Material:
Temperature:
Power Connection:
Display:
Autonomy :
Depth of Discharge:
Array:
Size:
Structure:
Warranty:
Battery:
Bus voltage:
Amp-hour:
Charge controller:
Voltage:
Battery charger:
Input:
Output:
Weight:
Disconnect:
Standards:
Grounding connections:
Warranty:

Weatherproof, with a case that can be locked
Fiberglass, plastic, aluminum and hardware
Operate 0 to 50°C
2 min, Cigarette lighter or other DC type
Voltage, state of charge, charging indication
3 days min.
80% max
Single crystalline or polycrystalline silicon
40 Wp approx.
Foldable mount, aluminum
5 year to 90% min
Lead-acid, gelled, sealed, deep cycle
12VDC moninal.
~40 AH min
LVD, HVD, diode internal
12VDC mon.
External, 3 amp min.
120VAC, 50/60 Hz
~12VDC mon. per battery manufacture
Less than 80 lb total
Fuses or circuit breakers
NEC, UL, NEMA
Copper clad
System 1 year

Option:

Batteries nickel cadmium
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Specifications for Battery Charger
The battery charger will be a portable solar module contained a photovoltaic module in a simple
weatherproof enclosure. The complete system will be compact and lightweight so it can be
carried by one person and deployed in 5 minutes with no tools required. Foldable units are
desired. It can be capable of powering or charging the batteries of cellular phones, radios,
instrumentation, small power tools, computers, and printers/fax. It can be modular so that solar
panels can be added to increase capacity.
Enclosure:
Material:
Temperature:
Power Connection:
Module:
Size:
Output:
Converter:
Input:
Output:
Weight:
Disconnect:
Cable:
Standards:
Grounding connections:
Warranty:

Weatherproof
Fiberglass, plastic, glass, aluminum and hardware
Operate 0 to 50°C
1 min, Cigarette lighter or other DC type
Silicon photovoltaic
15 Wp approx.
12 VDC nom.
DC to DC
12VDC nom.
6, 7.5, 9, 12 VDC nom
Less than 10 lb total
DC Plugs or connectors
6 ft min of 14 AWG
UL
Copper clad
5 year to 90 % min

Option:

Batteries nickel cadmium
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APPENDIX B
TESTING PROGRAM FOR PV-POWERED DISASTER EQUIPMENT
May 26, 1998
Revised April 21, 1999
This paper describes a test plan for PV power systems purchased for use by various disaster relief
organizations. This test plan is part of a program conducted by the Florida Solar Energy Center
(FSEC) for Sandia National Laboratories and the U.S. Department of Energy to assess the needs
of disaster relief organizations for PV-powered equipment.
Six disaster relief organizations are participating by defining their needs for electrical power
during disaster relief operations. FSEC, disaster relief organizations and the PV industry jointly
developed specifications for the PV power systems to meet these needs. The PV industry made
the systems for the disaster relief organizations to use in their operations, based on the jointly
developed specifications. The goal is the commercialization of viable PV systems that meet the
needs of disaster relief organizations.
This plan gives procedures to test off-the-shelf or custom-made PV systems. The first part of the
test plan is acceptance testing, followed by performance testing and user evaluation of the
systems. The tests will determine the quality of the vendor’s design, measure the system’s
capability to meet the load, validate functionality of the system related to the user’s needs, and
measure the reliability of the system during long-term use and during a disaster. Testing will be
completed in three parts: inspection, performance characterization and performance evaluation.
Performance evaluation testing will be conducted by the user, while all other tests will be
conducted by FSEC.
Inspection test:
Review documentation:
Clarity and usefulness of information.
Operation and maintenance procedures.
Operating specification; min/max, and de-rating values.
Safety considerations and code compliance.
Compliance with FSEC system specifications.
Inspect hardware:
Useful nomenclature, operating instructions and safety warnings.
Quality of hardware and construction techniques.
Safety considerations and code compliance.
Compliance with FSEC system specifications.
Performance characterization:
Measure operating capability of the hardware.
Measure output power quality, voltage fluctuations, current variations and surge
capability.
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Measure power characterization of PV array and battery pack.
Measure reliability of system during operation.
Performance evaluation:
Evaluate performance of system operating in the field.
Evaluate reliability of system in the field.
Evaluate usefulness and functionality of system in the field.
Evaluate safety characteristics of the system in the field.
As experience is gained, modifications may be required for the systems to meet the end-user’s
functionality requirements. Product development will continue until the end-user achieves
confidence in the system. The goal is to motivate the end-user to purchase additional systems for
deployment in their operations.
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APPENDIX C
QUESTIONNAIRE FOR EMERGENCY MANAGEMENT AND RESCUE TEAMS
Evaluation of Photovoltaic Equipment
Supplied by the Florida Solar Energy Center
Directions: Now that you have used the photovoltaic equipment supplied by the Florida Solar Energy Center,
please provide information about your experience. Answer the following questions carefully and honestly.
Your answers will provide information to help us further evaluate this type of equipment for use in disaster
relief applications.
GENERAL INFORMATION
Name of Organization:
Contact Name:
Address:
City:

State:

Phone:

Fax:

Zip:
Email:

QUESTIONS
1.

Has the photovoltaic-powered equipment you received been beneficial to your operation?

2.

Does it really meet your needs for electrical power during emergencies?

3.

Compare the photovoltaic-powered equipment with conventionally available alternatives for
performance.
Check one: Better

Worse

Explain:
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4.
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Compare the photovoltaic-powered equipment with conventionally available alternatives for handling
and logistics. Check one: Better
Worse
Explain:

Florida Solar Energy Center
Questionnaire for Emergency Management and Rescue Teams

5.

April 5, 1999

Compare the photovoltaic-powered equipment with conventionally available alternatives for cost.
Check one: Better
Worse
Explain:

6.

Compare the photovoltaic-powered equipment with conventionally available alternatives for
responsiveness of vendor. Check one: Better
Worse
Explain:

7.

Given the choice between photovoltaic-powered equipment and conventionally available alternatives,
which would you choose?
Explain:
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8.
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Are you aware of the photovoltaic equipment that the Federal Emergency Management Agency
(FEMA) has for emergency deployment? Check one: Yes
No
If yes, do you know how to access the equipment?

What type of FEMA equipment would you use?

Please return this completed form either by mail or fax to: Bill Young, Florida Solar Energy Center, 1679
Clearlake Road, Cocoa, Florida 32922. Fax: 407-638-1010.
Thank you for your participation.

Florida Solar Energy Center
Questionnaire for Emergency Management and Rescue Teams

April 5, 1999

APPENDIX D
PV Equipment in Use

(In separate file)
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